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254. The Photochemistry of Phosphorus Compounds. Part I1.} Far-
ultraviolet Absorption Spectra of Some Phosphorus Oxyanions in
Aqueous Solution.

By M. HaLmMaNN and I. PLATZNER.

The absorption spectra of solutions of potassium dihydrogen phosphate,
potassium and sodium hydrogen phosphates, tetrasodium pyrophosphate,
sodium tripolyphosphate, and sodium trimetaphosphate in solvents containing
water or deuterium oxide, in the range 320—180 my., are composed of both
weak bands (above 200 my), probably due to internal electronic transitions,
and steep absorption edges (below 200 my), tentatively assigned to a ‘ charge
transfer to solvent ’ (CTTS) type of transition. The absorption maxima of
the steep edges are below 180 my. The edges are strongly shifted to shorter
wavelength by decrease in temperature, or by substitution of deuterium oxide
or aqueous methanol for water as solvent, while such changes have no similar
effect on the weak absorption bands above 200 myu.. The spectra of potassium
dihydrogen phosphate and of sodium trimetaphosphate (cyclic trimer) are
comprised of at least three bands.

THE electronic transitions involved in the absorption of ultraviolet light by phosphoric
acid and its anions have not been elucidated. Ali reported that various phosphates in
aqueous solution had a very weak absorption maximum at 250 to 300 mg,? while steeply
ascending absorptivity for such solutions was found to start below 220 mp.® In the
present work, the absorption spectra of various simple phosphorus oxyanions have been
measured, the effect of change in temperature and solvent composition having been par-
ticularly studied.

The absorption spectra of the dihydrogen phosphate, hydrogen phosphate, pyro-
phosphate, trimetaphosphate, and tripolyphosphate ions, all in aqueous solution at 25°,
in the 320—180 my. range, are presented in Fig. 1.  All the anions show a sharp absorp-
tion edge below ca. 190 mp. The dihydrogen phosphate and the trimetaphosphate ions
have shallow, weak, absorption maxima in the 280 and 200 my regions.

REsULTS

Phosphoric Acid.—Solutions of phosphoric acid do not obey the Beer-Lambert Law; dilution
with water causes increased absorptivity (see Table 1). The same effect had been found for
sulphuric acid,? and is attributed to the acid-base equilibrium in aqueous solution which
causes formation of the monoanion, the absorptivity of which is much higher than that of the
neutral acid. Thus, most of the observed absorptivity of phosphoric acid in aqueous solution
must be due to the dihydrogen phosphate ion.

1 Halmann, J., 1963, 2853, is to be considered as Part I.

2 Ali, Indian J. Phys., 1939, 13, 309.

3 Buck, Singhadeja, and Rogers, Analyt. Chem., 1954, 26, 1240.
4 Weeks, Meaburn, and Gordon, Radiation Res., 1963, 19, 559.
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TABLE 1.

Absorptivity (l. mole™® cm.™?) of phosphoric acid in water at 25°, for 2-4M- and
0-24M-solutions.

A (mp)...... 205 200 196 194 192 190 189 188 187 186 185 184 183
2-4M-soln. 0-055 006 008 0-11 018 03¢ 047 064 090 130 175 225 26
0-24M-soln. 049 109 152 215 265 35 51 6-7 81

The Dihydrogen Phosphate Ton.—Aqueous solutions of the potassium salt obey the Beer—
Lambert Law rigorously, both in respect of changes in concentration and path-length, within
the range 320—183 my. The absorptivity at the shallow plateau of the spectrum (Ag,, = 270
my; epax, = 0-25 1. mole™ cm.™) is similar to that obtained by Ali.2 The data below 220 my.
have not been reported previously. Between 230 and 200 my, a shoulder is clearly noticeable
(see Fig. 1).
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Temperature effects. The spectrum at various temperatures from 1 to 76° is shown in Fig. 2.
Changes in temperature have no effect on the shallow plateau at 240—270 my, but strongly
affect the sharp absorption edge below 220 my. Increasing the temperature causes a shift of
this edge to longer wavelength. The shoulder at 210 my is clearly evident at 1°. The effect of
temperature on the wavenumber of absorption (9, in cm.™), at constant absorptivity, is given
by the temperature coefficient, —dv/d¢. Results for several absorptivities of the dihydrogen
phosphate ion are given in Table 2; —d9¥/dT decreases with increasing wavenumber.

Solvent effects. Because of the limited solubility of the potassium and sodium salts in
organic solvents, and the moderate absorptivity of the dihydrogen phosphate ion above 180 my,
it was not possible to obtain sufficiently strong solutions of these salts in methanol, ethanol,
or acetonitrile for the measurement of their absorption spectra. Attempts to prepare the
tetramethyl- or tetraethyl-ammonium salts resulted in samples of insufficient purity. The
only effect of solvent on the absorption of the dihydrogen phosphate ion which could be studied
was that of substituting deuterium oxide for water; thus, in the 180—190 my region (see Fig. 3)

3a
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TABLE 2.

Temperature coefficients (—d¥/dT) for the absorption edge of aqueous solutions of
potassium dihydrogen phosphate, sodium hydrogen phosphate, and sodium

trimetaphosphate.
) KH,PO, , Na,HPO, _ Nap,0,
o 49,580 50,420 53,370 54,560 48,140 48,670 51,600 53,090 54,190 54,200
725 . 46,670 47,300 50,300 51,880 53,000
€ ieeinnns 0-7 1-0 30 80 5-0 10 150 300 450 50
(—dp/dT) 27 26 20 19-6 26-5 257 236 22-8 21-8 22

71, Ppin cm.”l; gin 1. mole’! cm."l.  * §, at 25°. | 5, at 78°.

the absorption edge is markedly shifted towards shorter wavelengths on substitution with
deuterium oxide; atan absorptivity of 251. mole™ cm.™, the shift is 660 cm.™? (1-89 kcal. mole™).
At longer wavelengths, the blue-shift disappears; at 220 my, the absorptivities in water and in
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sium dihydrogen phosphate in water at
(a) 1°, (b) 8°, (c) 25° (d) 45°, (e) 64°, and
(f) 76°.

deuterium oxide are equal. At still longer wavelengths, the spectrum in deuterium oxide is
red-shifted with respect to water.

The Hydrogen Phosphate Ion.—The absorptivity of the sodium salt in aqueous solution, over
the whole spectral range studied (above 185 my.), was about 109, higher than that of the potassium
salt (see Fig. 1). Both solutions obeyed the Beer-Lambert Law for wide variations in con-
centration and path-length.

Temperaturve effects. With increasing temperature, the absorption edge is shifted towards
longer wavelengths (Fig. 4), as with the dihydrogen phosphate ion. Again, as with this mono-
anion, the shallow absorption above 240 my. is not affected by changes in temperature. Data
for the temperature coefficients of the absorption edge are given in Table 2.

Solvent effects. The absorption edge of the sodium salt below 200 my is strongly shifted
to shorter wavelengths on substitution of deuterium oxide for water (Fig. 5). At an absorptivity
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of 200 1. mole™ cm.™, the shift is 760 cm.™ (2-2 kcal. mole™), which is similar to that observed
for the dihydrogen phosphate ion.

In 7-5M-potassium fluoride solution, the spectrum of the sodium salt was almost identical
with that in deuterium oxide; the results for the former solvent have, therefore, not been
included in Fig. 5. Owing to the relatively high absorptivity of the hydrogen phosphate ion,
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we were able to obtain also the spectrum of the sodium salt in a 10M-solution of methanol in
deuterium oxide. This solvent was chosen because it has been reported that aqueous methanol
has an absorption minimum at 184-9 my at a concentration of 10m.4 The result (see Fig. 5) is
a marked shift to shorter wavelength even with respect to deuterium oxide or potassium
fluoride-water solvent. In aqueous acetonitrile (76%, MeCN), the absorption edge is red-
shifted with respect to water. )

The Phosphate Ion.—Owing to the acid-base reaction

PO~ + H,0 = HPO™ 4- OH~

the equilibrium constant of which is the reciprocal of the third dissociation constant, K, of
phosphoric acid (; = 4-8 X 10713 at 25°),% dilute aqueous solutions of the phosphate ion are
in fact essentially mixtures of the hydrogen phosphate ion and the hydroxyl ion. The far-
ultraviolet absorption of solutions of sodium phosphate [Fig. 6(a)] is therefore due almost
completely to the hydroxyl ion. We include, in Fig. 6, our observed spectrum for an aqueous
solution of sodium hydroxide, which is in agreement with that previously reported.+—¢

The Pyvophosphate Ion.—As shown in Fig. 1, the spectrum of the sodium salt in aqueous
solution is similar in shape to that of sodium hydrogen phosphate, but is shifted towards longer
wavelengths. At constant wavelength, the absorptivity of the pyrophosphate ion is only
slightly greater than twice that of the hydrogen phosphate ion, e.g., we have, at 195 and at
200 my.:

HO-P(0)0,2- 2-0,P(0)-0-P(0) 0,2~
- o o [195 mu ... 107 & 7 260 + 20
Absorptivity (1. mole em. ) {300 ma 50 % 5 110 £ 10

5 Van Wazer, ‘ Phosphorus and its Compounds,’” Interscience, New York, 1958, Vol. I, p. 481.
¢ Ley and Arends, Z. phys. Chem., 1929, B6, 240; 1932, B17?, 177.
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The absorptivities per phosphorus afom for the hydrogen phosphate ion and the pyrophosphate
ion are thus approximately equal. In the pyrophosphate ion, electronic effects in one phosphate
residue seem to have little influence on electronic excitation in the other phosphate residuc.
The spectrum of the sodium salt in deuterium oxide shows a marked shift to shorter wavelength
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compared with that in water (see Fig. 7). At an absorptivity of 60 1. mole™! cm."?, the shift
is 630 cm.™ (1-80 kcal. mole™), which is similar to that for the mono- and di-hydrogen phosphate
ons.

Sodium Tripolyphosphate, Na;P,0,9.—Aqueous solutions of the linear trimer of phosphoric
acid, NazP0O;0,,,6H,0, did not obey the Beer-Lambert Law; dilution caused an increase in
absorptivity (see Table 3). The general shape of the spectrum [Fig. 8(a)] is similar to that of
the hydrogen phosphate ion [Fig. 1(b) and (c)].

Sodium Tvimetaphosphate, NasP,0q4.—The spectrum of aqueous solutions of the cyclic trimer
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TABLE 3.

Absorptivity (1. mole™ cm.™) of sodium tripolyphosphate in water at 25°, at two

concentrations.
AIOB) oo 200 198 196 194 192
44 X 1072M-s0In.  ......cceiiiiiinnnn 40 66 100 150 215
58 X 1073M-soIn.  ......cciiiieeeiiann 66 100 140 195 270

of phosphoric acid, NazP,0,, obeyed the Beer-Lambert Law. The spectrum at 2-5° and at
71° is shown in Fig. 8(b) and (c). Results for the temperature coefficient of the absorption edge
at 184-4 my are given in Table 2. This steep edge below 190 my is markedly shifted to shorter
wavelength by decrease in temperature, and thus reveals a pronounced maximum at 200 m.
There is another shallow maximum at 280 my. The spectrum of the trimetaphosphate ion
is thus similar to that of the dihydrogen phosphate ion, both spectra clearly showing two
electronic transitions before the sharp absorption edge. As seen in Fig. 1, the general shapes
of the spectra of the two ions are similar, although the absorptivity of the trimetaphosphate ion
above 190 my is much more intense.

DiscussioN

Introduction.—The feature common to all the spectra of the phosphorus oxyanions
studied, and which also occurs with other similar oxyanions such as sulphate and perchlor-
ate? is the steep absorption edge starting below 200 mp. In all the cases studied, the
band maximum was below 180 my, but in some cases, e.g., in solutions of the hydrogen
phosphate ion at higher temperatures, the form of the curve indicated that the maximum
was not much below 180 my.

The electronic transitions involved in the absorption of light by anions in solution
are due either to some internal charge-transfer, as in n* <€~ 7 or n* <¢— = transitions, or
to a ““ charge transfer to solvent ” (CTTS) transition.?-12

Bands above 200 my.—For tetrahedral oxyanions such as arsenate, the lowest-frequency
electronic absorption band has been interpreted as an allowed transition of the n* <— n
type,1% and should thus be moderately strong. For the dihydrogen phosphate ion, the
results do not support this prediction. The first band of potassium dihydrogen phosphate
(Fig. 2), having dmax. = 270 mp and epyx, = 025 1. mole™! cm.™, could be due to an n* -— »
transition, but it is obviously not a strong band. A second weak band at ca. 200 my is
clearly observed as a shoulder of the steep absorption edge, and becomes pronounced at
low temperature (see Fig. 2). In crystalline potassium dihydrogen phosphate, an absorption
maximum was reported at 220 my; this band in the dideuterium compound was shifted
to longer wavelength.!3 The same effect has been observed in the present work for the
first (longest wavelength) band of the dihydrogen phosphate in solution; the band at 270 mu
was red-shifted on passing from water to deuterium oxide as solvent. The decrease in the
energy required for electronic excitation of the heavier ion D,PO,~, compared with H,PO,",
is to be expected, because of the larger mass-effect on the vibrational terms of the excited
electronic state. In diatomic molecules, isotopic substitution by heavier atoms always
causes a red-shift of the absorption bands.1¢

7 Jortner, Raz, and Stein, J. Chem. Phys., 1961, 34, 1455.

8 Platzmann and Franck, in ‘ Farkas Memorial Volume,” Weizmann Science Press, Jerusalem,
19529’ %n'zﬂli.ths and Symons, Trans. Faraday Soc., 1960, 58, 1125; Burak and Treinin, ¢bid., 1963, 59,
1490; J. Chem. Phys., 1963, 39, 189,

10 (2) McGlynn and Kasha, J. Ckem. Phys., 1956, 24, 481; (b) Strickler and Kasha, ¢bid., 1961, 34,
1077; (c¢) Meyerstein and Treinin, Trans. Faraday Soc., 1961, §7, 2104.

11 (a) Doucet, Compt. rend., 1943, 216, 198; (b) Treinin, Ph.D. Thesis, Hebrew University, Jerusalem,
1958; (¢) Halmann and Platzner, Proc. Chem. Soc., 1964, 261.

12 Stein and Treinin, Trvans. Faraday Soc., 1959, §5, 1086, 1091.

13 Deshotel, J. Opt. Soc. Amer., 1960, 50, 864; Sliker and Burlage, J. Appl. Phys., 1963, 34, 1837.

14 Herzberg, ‘“ Molecular Spectra and Molecular Structure. Vol. I. Spectra of Diatomic Molecules,”
Van Nostrand, Princeton, New Jersey, 1950.
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Bands below 200 my..—The steep absorption edge of the dihydrogen phosphate ion below
210 my. is strongly solvent-dependent. The blue-shift in deuterium oxide, aqueous fluoride
solutions, or aqueous methanol, and the red-shift in aqueous acetonitrile, are similar to
those found for the absorption bands of halide ions, which seem to involve CTTS-type
transitions.®%11  Substitution of deuterium oxide for water had no effect on the bands
of the nitrate ion,1¢ while substitution of ethanol caused a red-shift in these bands,1® which
were assigned as n* <«— # or n* ««— & transitions. We, therefore, conclude that the
steep absorption edge of the dihydrogen phosphate ion, and probably also of the other
phosphorus oxyanions, is due to a CTTS transition. The negative values of dv/d¢ are
also in agreement with the theory of CTTS spectra.

The onset of the absorption edge for the hydrogen phosphate ion occurs at a much longer
wavelength than for the dihydrogen phosphate ion. The energy required to raise an
electron from the ground state of the ion to the electronically excited state is thus lower
for the hydrogen phosphate than for the dihydrogen phosphate ion. This must be con-
nected with the lower ionisation potential of the former; the values of the ionisation
potentials are as yet unknown, but it is to be expected that the hydrogen phosphate ion,
being doubly charged, will have the lower ionisation potential, owing to the greater electro-
static repulsion.

Solvent Effects—For CTTS-type transitions of polyvalent anions, Treinin 13 has
developed a relationship between the frequencies of the absorption band, at a given
absorptivity, of a given anion in a given solvent, with the frequency of the band, at the
same efeq,y, value, of iodide in the same solvent; this relationship held for a series of
solvents.

The wavenumbers of absorption of sodium hydrogen phosphate at 25° in various
solvents at £ = 350 and 200 1. mole™ cm.™! are given in Table 4, together with the CTTS

TABLE 4.

Wavenumbers of absorption (in cm.™!) of sodium hydrogen phosphate at 25° in various
solvents at ¢ = 200 and 350 1. mole™ cm.™}, and of the absorption maxima (in
cm.™?) of potassium iodide in the same solvents.

7 (HPO,2-)
Solvent € = 200 e = 350 Pmax, (I7)
MeCN (76%) in HyO ...ooviveiiniiinannnn 51,050 43,250
20 e 52,200 53,470 44,200
5 N 52,950 54,300 44,600 *
Aq. 7-5M-KF soln.  ....cicivviiiininninnnns 53,000 44,650
MeOH (409%,) in DyO..vivvneviininnrnennnns 53,600 45,150

* Our result for the absorption maximum of KI in D,0 is equal to that previously determined.1!

values (absorption maxima of potassium iodide) in the same solvents. In Fig. 9, the line B,
best fitting the points for the mixed solvents methanol-aqueous fluoride solution, and
aqueous acetonitrile, is seen to deviate from the lines A and C connecting the water and
deuterium oxide points (at ¢ = 350 and 200 1. mole™? cm. !, respectively). The reason that
we feel justified, in the subsequent treatment, in using only the points for water and
deuterium oxide at the highest measurable absorptivity (line A) is that, in these mixed
solvents, the specific solvation interaction of ions with only one component of the solvent
can cause deviations which are not possible in a pure solvent. Similar deviations for
mixed solvents have been observed in the hv. against CTTS plot for other anions.? We
also feel justified in preferring line A to line C, because, at a shorter wavelength, interference
by the low-energy transitions is probably less severe.

The slope, & = Av (HPO,27)/Av (I7) = 840/400 = 21, of line A in Fig. 9 can be related

1s Treinin, J. Phvs. Chem., 1964, 68, 893. We thank Dr. Treinin for a copy of this Paper in advance
of publication.
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to the charge, z, of the anion, the crystalline radii, Ry and Ry, of iodide and the anion, and
the optical and static dielectric constants, D and Dg:

B = {zRi[l — Yias) + Yigepey — }/psl}/[Rx(} + $Do — 1/Ds)]-

For the hydrogen phosphate ion in water, z = 2, Ry = 2-16 A, Dy =177, Dg = 80, thus
giving a value for the crystalline radius, R (HPO,2"), of 2-36 A. There is no report of
the direct determination of radius of this ion. For the phosphate ion, PO, a thermo-
chemical ionic radius of 2-38 A has been given.’® Our result for the hydrogen phosphate

O/t

3

g

Fi1c. 9. Wavenumbers (cm.™) of absorption o
of sodium hydrogen phosphate at 25° in z
several solvents at (A) ¢ = 350 and (B) s
e = 200 1. mole™? cm.™! plotted against the <
CTTS values [absorption maxima (cm.™?) of 5
potassium iodide] in the same solvents. ~
The line (C) is that fitting only the data for >
water and deuterium oxide at ¢= 200 %
1. mole™ cm.™. o

eCN-H,0

43 44 45
10 Ve €M) 1o, K1

ion seems to be in accord with the bond distances reported for potassium dihydrogen
phosphate.l?

As shown by Treinin,¢ the slope and intercept of the linear plot in Fig. 9 can be used
to derive the vertical ionisation potential, Ik, and the absorption maximum of the anion;

hvy = pC + Ix — BI; + B(g — 1).

Choosing a point on the line at which the wavenumber for the hydrogen phosphate ion,
%, 1s 83,500 cm.? (= 153 kcal. mole™!), the corresponding energy for the iodide ion, C, is
126-5 kcal. mole!. Inserting g = 2-1, I} = 70-8 kcal, mole’], for the ionisation potential
of the iodide ion (electron affinity of the atom),!® and B = 35 kcal. mole™!, for the binding
energy of the electron to the polarised medium in its excited state,!? we obtain Ix =
—3 kcal. mole® for the vertical ionisation potential of the hydrogen phosphate ion. No
data for this quantity appear to have been reported. Our results for Rx and Ix depend
critically on the value chosen for the slope. By taking g = 1-5, which gives a better fit
with the results for mixed solvents in Fig. 9, we obtain Rx = 3-2 A for the ionic radius of
the hydrogen phosphate ion, which is rather high, and Ix ~ +50 kcal. mole™!. A positive
ionisation potential for a doubly charged negative ion seems absurd; in the process
HPO2~ —» HPO,~ + ¢7, energy must be released.
16 Kapustinski, Quart. Rev., 1956, 10, 286.

17 Bacon and Pease, Proc. Roy. Soc., 1955, A, 280, 359.
18 Gteiner, Michael, and Branscomb, J. Chem. Phys., 1962, 37, 1200.
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Using the above data for the ionic radius and the ionisation potential of the hydrogen
phosphate ion, a prediction of the hitherto unknown absorption maximum for this ion
can be made, by using the formula of Treinin for divalent anions in aqueous solution at
25°: 15

hvy.x = Ix + 465/Rx — 29/Rx® — 35

= —3 + 465/2-36 — 29/(2-36)% — 35
= 160 kcal. mole’? (= 56,000 cm.™ or 178 my).

This value seems reasonable from the appearance of the steep absorption edge of sodium
hydrogen phosphate solutions. It should thus be possible to observe this absorption
maximum with a vacuum-ultraviolet spectrophotometer, by using very thin layers of
solution.

Temperature Effects—Changes in temperature over the range 0-—80° had no appreciable
effect on the weak absorption bands of the hydrogen phosphate and dihydrogen phosphate
ions, or on the two bands of the trimetaphosphate ion, all above 200 myg. On the other
hand, the steep absorption edge for these ions below 200 my was strongly shifted towards
longer wavelength by increase in temperature (see Figs. 2, 4, and 8). Values of —ds/dT

~—
7. 30

o

o
>

'5 Fic. 10. Temperature coefficients, dv/dT, as
=~ a function of wavenumber (cm.™) for
N aqueous solutions of (a) potassium di-
{ 20} o hydrogen phosphate at 25° and (b) sodium
(EN (b) hydrogen phosphate at 24-6° and at 78°.

° (@

! 1 1 1 L

48 52 56 42 52 58
10° ¥ (em’™)

for aqueous solutions of potassium dihydrogen phosphate, sodium hydrogen phosphate,
and sodium trimetaphosphate are presented in Table 2; in the region of the steep absorption
edge, —dv/dT decreases with increasing wavenumber. Plots of —dvy/dT against wave-
number for the hydrogen phosphate and dihydrogen phosphate ions, for T = 25°, are given
in Fig. 10. For bands due to CTTS-type transitions, it has been shown that extrapolation
of the line for —dv/dT against 9, at constant temperature, —dy/dT = O yields a wave-
number which can be related to the ionic radius and to the vertical ionisation potential of
the ion.?-12

Assuming a crystalline ionic radius of 2-5 A for the dihydrogen phosphate ion, and that
the steep absorption edge of the ion in water is due to a CTTS transition, then the theory of
the effect of temperature on such transitions!2 permits a calculation of the hitherto unknown
absorption maximum and ionisation potential of this ion. The unknown energy, hvm.x,
of the absorption maximum, and the energy hv, (8-2 ev) (3, = 66,000 cm.™), obtained from
extrapolation of the linear plot of Fig. 10(a) to —dv/dT = 0, are related to the ionisation
potential of the ion, the solvation energy, Lx, of the radical H,PO,, and the ratio, «, of
the radius, 7, of the ionic cavity to the crystallographic radius, R. The value of « is
usually 1-25.12

Pvmay, = Ex — Lx + 0-77 e2/aR — 1-58 ev (@)

hvy=Ex — Lx + 077 &2/R — 1-58 ev (8)
Therefore

hvpay = hvy + 0-77 2[(1/e) — 1]/R = 7-3 ev (= 59,000 cm.™? or 170 my).
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From eqn. (), on inserting the values hvy = 8-2 ev and Lx = 0-3 eV (assuming that this
value is not appreciably different from that reported for many other anions %), we obtain
Ex = 57 ev for the ionisation potential of the dihydrogen phosphate ion.

The Photochemistry of Solutions of Sodium Phosphate—Since the concentration of the
phosphate ion in aqueous solution is very small, it seems probable that photochemical
effects in such solutions, such as the formation of the hydrated electron after irradiation
with ultraviolet light,1® must be due to absorption of the light by the hydroxyl or hydrogen
phosphate ions, and not by the phosphate ion.

Conclusions.—The steep absorption edge below 200 my. for all the phosphates studied
appears to be due to a CTTS-type transition. To the extent that the theory of such
transitions, which was developed for halide ions, also applies quantitatively to polyvalent
ions, estimates can be made of ionic radii, ionisation potentials, and absorption maxima
for anions of phosphoric acid.

EXPERIMENTAL

Absorption Spectra—These were measured with a modified Zeiss PMQII spectrophoto-
meter, specially sealed for work in the far-ultraviolet region down to 180 my, which was com-
pletely flushed with dry nitrogen gas (99-8%, pure) at a rate of 2 1. min."2. The wavelength
calibration was checked by using the 253-7 and 184-96 mu lines of a low-pressure mercury lamp.
Fused-quartz absorption cells of 0-01-, 0-1-, 0-5-, 1:0-, 2-0-, and 5-0-cm. path-lengths were used.

Below 185 my., special precautions were necessary, to avoid stray-light effects. The path-
length and the solvent absorption in the reference cell were limited, so that the slit-width remained
below 0-08 mm.; in this way, the spectra obtained for aqueous solutions of perchloric and
sulphuric acids were similar to those reported.* When a wider slit was used, the absorptivity
for these reference substances appeared to decrease below 185 my, probably owing to stray light.

Materials. Phosphoric acid, sodium hydrogen phosphate (Na,HPO,,12H,0) (both AnalaR;
B.D.H.), methanol (spectroscopic grade; B.D.H.), and acetonitrile (spectroscopic grade; Fluka
AG) were used without further purification. Potassium dihydrogen phosphate (AnalaR;
B.D.H.) and potassium hydrogen phosphate (Baker Analysed) were dried at 80°.

Sodium trimetaphosphate (Albright and Wilson), crystallised three times from aqueous
ethanol and dried (P,0;), yielded the anhydrous compound. It was analysed by passing an
aqueous solution of it through Dowex 50Wx12 cation-exchanger, and then titrating with
sodium hydroxide (Found: Equiv., 103. Calc. for Na,P;O4: Equiv., 102). Traces of nitrate
were shown to be absent by means of the spot-test with brucine or diphenylamine.? Sodium
tripolyphosphate (Albright and Wilson), crystallised from aqueous ethanol and dried (P,Oy),
yielded the hexahydrate. Water was redistilled from alkaline permanganate and then from
phosphoric acid, atmospheric carbon dioxide being excluded. Deuterium oxide (Norsk Hydro-
Elektrisk Kvaelstof Akt.) was used without further purification.
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